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Different scenarios for modeling resonances in a thermal model description of hadron yields mea-
sured in heavy-ion collisions are explored: the zero-width approximation, the energy independent
Breit-Wigner scheme, and the energy dependent Breit-Wigner (eBW) scheme. Application of the
eBW scheme leads to a notable suppression in the proton yields, stemming mainly from a reduced
feeddown from ∆ resonances because of the threshold effects. A significantly improved agreement of
thermal model with hadron yields measured in Pb-Pb collisions at
√
sNN = 2.76 TeV by the ALICE
collaboration is obtained in the eBW scheme at T ' 155 MeV, indicating a possible resolution
of the so-called ’proton anomaly’. The results obtained show that there are significant systematic
uncertainties in the thermal model due to the modeling of broad resonances.
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I. INTRODUCTION
Thermal models have long been used to estimate prop-
erties of the medium created in relativistic heavy-ion col-
lisions [1–10]. These models assume that the emitted
particles stem from a statistically equilibrated system,
conventionally described as an ideal hadron resonance
gas (HRG) of all known hadrons and resonances. The
temperature T and baryon chemical potential µB are ob-
tained by fitting the observed yields of hadrons, and a
surprisingly good description is achieved across a broad
range of collision energies (see, e.g., [11] for an overview).
A considerable attention have been devoted to the
hadron yield data measured by the ALICE collabora-
tion in Pb-Pb collisions at
√
s
NN
= 2.76 TeV. There,
already the usual ideal gas implementation of the ther-
mal model works relatively well [12–14], even for the
loosely bound states such as the light nuclei. One no-
table exception are the yields of protons and antiprotons,
which are overestimated substantially by thermal model
relative to other hadron yields. This has been dubbed
as the ’proton anomaly’ [12, 15], and various mecha-
nisms, such the annihilation in the hadronic phase [16–
18], incomplete hadron spectrum [12, 19], chemical non-
equilibrium [13, 20, 21], flavor dependency in the freeze-
out temperature [22, 23] or in hadron eigenvolumes [24]
have been suggested to explain it.
In the present work we investigate the little explored
but important aspect of thermal models – the treatment
of the finite resonance widths. In the literature these
are most commonly treated either in the zero-width ap-
proximation, or by applying the additional integration
over the Breit-Wigner shape of a resonance with an en-
ergy independent width parameter. The latter prescrip-
tion is used, e.g., in the Florence code [25] or in the
THERMUS package [26]. Energy-dependent Breit-Wigner
shapes are considered in the SHARE package [27]. To our
knowledge, no comparative study between these different
possibilities has been considered so far for hadron yields
at the LHC. Here we demonstrate that modeling finite
resonance widths has an important effect on final hadron
yields, in particular on the proton yield.
The manuscript is organized as follows. Different sce-
narios for modeling finite resonance widths are described
in Sec. II. Their influence on final hadron yields and on
thermal fits to the ALICE data are discussed, respec-
tively, in Sec. III and IV. Concluding remarks in Sec. V
close the article.
II. MODEL DESCRIPTION
A. HRG model in zero-width approximation
In its simplest version, the thermal model assumes
thermally and chemically equilibrated non-interacting
gas of known hadrons and resonances at chemical freeze-
out. The primordial hadron densities at the chemical
freeze-out are then given by the corresponding Fermi-
Dirac or Bose-Einstein distribution functions. Reso-
nances are included as non-interacting point-like particles
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2with zero width. The primordial hadron yields read
〈Nprimi 〉 =
diV
2pi2
∫ ∞
0
k2dk
exp
(√
k2+m2i−µi
T
)
+ ηi
. (1)
Here V , T , and µi are the system volume, temperature,
and chemical potential of ith particle species at freeze-
out, mi, and di are, respectively, mass and degeneracy
factor of ith particle, ηi = +1 for fermions and ηi = −1
for bosons.
The final mean multiplicity 〈N toti 〉 of ith particle
species is calculated in thermal models as the sum of the
primordial mean multiplicity 〈N∗i 〉 ≡ ni V and of reso-
nance decay contributions as follows
〈N toti 〉 = 〈Nprimi 〉 +
∑
R
〈ni〉R 〈NprimR 〉 , (2)
where 〈ni〉R is the average number of particles of type
i resulting from decay of resonance R. 〈ni〉R includes
contribution from both, the direct decays of resonance R
resulting in the production of hadron i, as well as the con-
tributions resulting from the chain of decays via lower-
mass resonances.
B. Energy independent Breit-Wigner
A simple way to model the finite resonance widths is
to assume the Breit-Wigner (BW) distribution around
the pole mass with an energy independent width param-
eter (see, e.g., Refs. [25, 26]). This corresponds to the
following modification of Eq. (1):
〈Nprimi 〉 =
diV
2pi2
∫ mmaxi
mmini
dmρBWi (m)
∫ ∞
0
k2dk
×
[
exp
(√
k2 +m2 − µi
T
)
+ ηi
]−1
. (3)
Here ρBWi (m) is the relativistic Breit-Wigner distribu-
tion1
ρBWi (m) = Ai
2mmi Γi
(m2 −m2i )2 +m2iΓ2i
, (4)
where Γi is the width of the resonance i, and Ai
is the normalization constant fixed by the condition
1 Application of the non-relativistic Breit-Wigner distribution in-
stead of the relativistic one leads to very similar results.
∫mmaxi
mmini
dmρBWi (m) = 1. To fix the integration lim-
its, mmini and m
max
i , we conservatively assume that the
mass of the resonance is distributed in the ±2Γi in-
terval around the pole [25, 26], but also take into ac-
count the decay threshold mass mthri . Therefore, m
min
i =
max(mthri ,mi−2 Γi) and mmaxi = mi+ 2 Γi. The thresh-
old mass mthri is computed as a weighted average of in-
dividual threshold masses over all decay channels of res-
onance i, the branching ratios being the corresponding
weights.
The final hadron yields in the energy independent BW
scheme are computed according to Eq. (2). Note that
for Γi → 0 it follows ρBWi ∼= δ(m −mi), and Eq. (3) is
reduced to Eq. (1).
C. Energy dependent Breit-Wigner
The simple energy independent BW scheme does not
capture correctly the threshold effects. These may be
quite significant for broad resonances. The low-mass tail
of the resonance may give a significant contribution to
thermodynamics due the Boltzmann factor. A better
theoretically motivated framework to treat resonances
is the energy dependent Breit-Wigner (eBW) scheme,
where the partial widths Γi→j(m) of different decays of
the resonance i are mass dependent.
There are different prescriptions available in the liter-
ature to compute Γi→j(m) (see, e.g., [28]). In this work
we apply the simple, two-body decay motivated prescrip-
tion, which is similar to the one used in the SHARE [27]
package:
Γi→j(m) = b
pdg
i→j Γ
pdg
i
[
1−
(
mthri→j
m
)2]Li→j+1/2
[
1−
(
mthri→j
mi
)2]Li→j+1/2 (5)
valid for m > mthri→j (and equal to zero otherwise). Here
mthri→j is the sum of the masses of all decay products in the
channel j. If one of the daughter particles is a resonance
itself, then its pole mass is taken for calculating mthri→j , for
simplicity. bpdgi→j and Γ
pdg
i are, respectively, the branch-
ing ratio for channel j and the total width, as listed in
the Particle Data Tables. Li→j is the angular momentum
released in the decay channel j. Following the implemen-
tation in the SHARE package, this quantity is calculated
here as Li→j = |Ji−
∑
k Jk|, where Ji is the total angular
momentum of particle species i and the index k runs over
all daughter particles in the decay channel j.
The denominator in Eq. (5) is the normalization factor,
which ensures that, at the pole mass m = mi, the sum
3of all partial widths is equal to the total PDG width,
Γpdgi , and that the ratios of the partial widths to the
total width are equal to the PDG branching ratios, bpdgi→j .
The total energy dependent width in the eBW scheme
reads
Γi(m) =
∑
j
Γi→j(m), (6)
and the mass distribution is
ρeBWi (m) = Ai
2mmi Γi(m)
(m2 −m2i )2 +m2i [Γi(m)]2
. (7)
The decay branching ratios in the eBW scheme are
given by the ratios of the corresponding partial widths to
the total widths. They are therefore energy dependent:
bi→j(m) =
Γi→j(m)
Γi(m)
. (8)
This energy dependence is taken into account here for
decays of the primordial resonances. The implication is
that the average number 〈ni〉R of particles of type i re-
sulting from a decay of resonance R is an energy depen-
dent quantity itself, i.e. 〈ni〉R → 〈ni〉R(m). This results
in the following modification of Eq. (2) for calculating
the final hadron yields in the eBW scheme:
〈N tot,eBWi 〉 =
∫
dm
d〈Nprimi 〉 (m)
dm
+
∑
R
∫
dm 〈ni〉R(m) d〈N
prim
R 〉 (m)
dm
, (9)
with
d〈Nprimi 〉 (m)
dm
= ρeBWi (m)
diV
2pi2
∫ ∞
0
k2dk
exp
(√
k2+m2−µi
T
)
+ ηi
.
(10)
Our calculations suggest that the modification
〈ni〉R → 〈ni〉R(m) leads to very small differences in the fi-
nal observables. To a good approximation, the branching
ratios bi→j can be considered energy independent even in
the eBW scheme.
D. Some other details
The hadron list employed in the present work conser-
vatively includes only the established hadrons and res-
onances listed in the 2014 edition of the Particle Data
Tables [29], as well as light nuclei up to 4He. We do not
consider here charm and bottom flavored hadrons. The
decays and the corresponding branching ratios are also
taken from PDG. For some established resonances the de-
cay channels are not well known. In this case we assign
the missing decays based on a similarity to the known de-
cay channels of similar resonances with the same quan-
tum numbers. This procedure is a minor new element
compared to our earlier studies [30, 31].
The feeddown contributions include strong and electro-
magnetic decays, which matches the experimental condi-
tions of the ALICE experiment at the LHC.
The finite resonance widths modeling is not applied for
very narrow resonances for which Γi/mi < 0.01. There-
fore, for all these narrow resonances (and also for all sta-
ble hadrons)
ρBWi = ρ
eBW
i = δ(m−mi), i ∈ stable/narrow (11)
The calculations are performed within the open source
Thermal-FIST package [32], where the eBW scheme is
implemented.
III. INFLUENCE ON HADRON YIELDS
To illustrate how different schemes for modeling reso-
nances affect the experimentally observable final hadron
yields we consider the ratios of the final hadron yields in
the BW and eBW schemes to the ones in the zero width
approximation. The corresponding quantities are shown
in Fig. 1, calculated for pi±, K±, KS0 , φ, (anti)protons,
(anti)Λ, (anti)Ξ−, and (anti)Ω at T = 155 MeV and
µB = 0. These T and µB values correspond to the chem-
ical freeze-out conditions in Pb-Pb collisions at LHC ob-
tained from the thermal fits in the ideal HRG model.
Note that at µB = 0 it follows µi = 0 for all hadron
species, one therefore obtains identical yields for parti-
cles and antiparticles.
The effect of finite resonance widths in the BW scheme
is to enhance the yields of hadrons relative to the zero
width approximation. The reason is the integration of
the BW distribution with the Boltzmann factor, which
normally yields an effective average mass of a resonance
which is smaller than its pole mass. This leads to an
enhanced feeddown to the final yields of hadrons listed
above. This affects more strongly the feeddown from
broad resonances such as ∆’s and N∗’s, that is why the
strongest enhancement in final yields is seen in Fig. 1 for
pions and protons.
The eBW scheme leads to a different effect – a suppres-
sion instead of enhancement – a mild one for mesons, Ξ’s
and Ω’s, and a stronger one for Λ’s and protons. The
largest effect is seen in the suppression of the final pro-
ton yield, where the reduction factor is equal to about
0.86.
40.8
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Figure 1. The ratios of the final hadron yields calculated
within the BW (open red squares) and eBW schemes (solid
blue diamonds) over the ones calculated in the zero-width
approximation at T = 155 MeV and µB = 0.
To understand this effect one can consider feeddown
contributions to the final proton yield. In the zero width
case, the fraction of final protons coming from decays of
various ∆ resonances is about 40%. In the eBW scheme,
this feeddown is reduced by about 25%. The reason for
that are significant threshold effects for ∆’s, owing to
their large widths. These threshold effects suppress yields
of ∆’s relative to the zero width case quite notably.
Figure 2(a) shows the temperature dependence of the
modification of the proton yield relative to the zero-width
approximation, calculated at µB = 0 for the BW and
eBW schemes. The deviations from unity are smaller for
lower temperatures, where the dominant contributions
to the final proton yields come from primordial protons.
The effects of finite widths, however, are notable already
at temperatures as low as T ' 100 MeV.
Figure 2(b) depicts the temperature dependence of the
p/pi ratio in the three considered schemes. The experi-
mental value 〈p〉/〈pi〉 ≈ 0.046 ± 0.005, measured by the
ALICE collaboration in the 0-10% most central Pb-Pb
collisions at
√
s
NN
= 2.76 TeV [33], is shown by the yel-
low band. The p/pi ratio is very similar in the zero-width
and BW schemes. It crosses the experimental value at a
rather low temperature value of T = 141± 4 MeV. This
value is substantially lower than the freeze-out tempera-
ture of T ' 155 MeV, obtained from fits to all measured
hadron yields [14], and is the main reason for the tension
between thermal model and data. In the eBW scheme,
on the other hand, the p/pi-vs-T curve is notably lower
than the other two, the experimental value is crossed
at T = 147 ± 4 MeV, i.e. about 6 MeV higher. One
can therefore expect that some tension with the data is
removed when energy dependent resonance widths are
considered. We will illustrate this in the next section by
performing full thermal fits to ALICE data within the
different schemes considered.
IV. DATA ANALYSIS
A significant effect of modeling finite resonance widths
on final hadron yields implies that thermal fits are sen-
sitive to this modeling. Here we study this sensitivity
by performing the thermal fits to the experimental data
within different schemes for resonance widths.
A. Experimental data set
We analyze the midrapidity hadron yields measured
by ALICE collaboration in Pb-Pb collisions at
√
s
NN
=
2.76 TeV [33–39]. Since the asymmetry in the mid-
rapidity densities between particle and antiparticles is
negligible at LHC, we use the symmetrized yields of par-
ticles and antiparticles. Data at different centralities are
considered, with a focus on the 0-10% most central colli-
sions. These yields are corrected for weak decays.
The experimental data for 0-10% centrality are listed
in Table I. The data includes yields of light nuclei, for
completeness. The 3He yields for 0-10% were obtained
by rescaling the 0-20% yields [37] by using the d based
scaling factor 1.127 [40]. The 3ΛH yields are obtained
assuming the 25% branching ratio of the 3ΛH→3 He + pi
decay [38]. In the present work we do not discuss whether
the point-particle approximation is appropriate for light
nuclei, and whether the light nuclei should be considered
in the thermal model at all, as an argument can be made
that they should be formed via the coalescence mecha-
nism instead.
The data at different centralities includes the same
hadrons as listed in Table I, with the exception of light
nuclei for which the data at different centralities are
scarce. The following centralities are considered: 0-10%,
10-20%, 20-40%, 40-60%, 60-80%.
B. Most central collisions
First, the hadron yield data for most central (0-10%)
Pb-Pb collisions at
√
s
NN
= 2.76 TeV, listed in Ta-
ble I, are analyzed. The fits are performed within the
Thermal-FIST package for ideal HRG model with the
three scenarios for modeling finite resonance widths de-
scribed in Sec. II. The yields symmetrized between par-
ticles and antiparticles are fitted, therefore µB = 0 is
enforced in the thermal model used. The results of the
fits are shown in Fig. 3, as the data/model ratios for all
the fitted yields.
All three fits yield very similar values of the chemical
freeze-out temperature T ' 155 ± 2 MeV and the vol-
ume parameter V ' 4700 ± 500 fm3. However, there
are differences in the resulting χ2/dof values. The fit
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Figure 2. (a) Temperature dependence of ratio of the final proton yield calculated within the BW (dash-dotted line) and
eBW (solid line) over the final proton yield in the zero width approximation. (b) Temperature dependence of the proton-to-
pion ratio calculated within the HRG model in zero width approximation (dashed line), BW scheme (dash-dotted) line, and
the eBW scheme (solid line). The yellow band depicts the proton-to-pion ratio measured by the ALICE collaboration in 0-10%
central Pb-Pb collisions at
√
sNN = 2.76 TeV.
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Figure 3. The data/model ratios resulting from thermal fits to particle yields measured in 0-10% central Pb-Pb collisions at√
sNN = 2.76 TeV, performed within the zero-width approximation (open black circles), the BW scheme (open red squares),
and the eBW scheme (full blue diamonds). The particle yields which were fitted are listed in Table I.
in the zero width approximation gives χ2/dof = 18.1/10
which is slightly better than the χ2/dof = 21.6/10 value
obtained by fitting within the BW scheme. The applica-
tion of the eBW scheme leads to notably reduced value
of χ2/dof = 13.4/10, which statistically indicates a fit of
acceptable quality.
The main reason for the fit improvement in the eBW
scheme is the reduction in the final proton yields rela-
tive to other hadrons, as discussed in the previous sec-
tion. Most yields are described on approximately one σ
level, with the possible exception of Λ. In the case of
Λ, the reduction in its yield in the eBW scheme actually
leads to somewhat bigger tension with the data, where
the yield is measured to be a little higher than the model
prediction. In that regard, we stress that we conserva-
tively include only the established baryonic resonances in
our hadron list. It has been pointed recently that lattice
QCD thermodynamics requires the inclusion into HRG
6Table I. The hadron midrapidity yields for 0 − 10% most
central Pb+Pb collisions at
√
sNN = 2.76 TeV measured by
the ALICE collaboration and used in the thermal fits in the
present work.
Particle Measurement (dN/dy) Reference
(pi+ + pi−)/2 668.75± 47.5 [33]
(K+ +K−)/2 99.75± 8.25 [33]
K0S 100± 8 [34]
φ 12.75± 1.59 [35]
(p+ p¯)/2 30.75± 2.50 [33]
Λ 24.0± 2.5 [34]
(Ξ− + Ξ¯−)/2 3.335± 0.238 [36]
(Ω + Ω¯)/2 0.595± 0.100 [36]
(d + d)/2 0.097± 0.018 [37]
(3He +3 He)/2 (2.85± 0.76) · 10−4 [37]
(3ΛH +
3
Λ¯ H)/2 (1.47± 0.42) · 10−4 [38]
(4He +4 He)/2 (9.5± 4.8) · 10−7 [39]
of the extra, experimentally uncharted strange baryonic
resonances [41, 42], in particular the ones with |S| = 1.
Such an inclusion would increase the feeddown contribu-
tion to the final Λ yields and could reduce the tension
with the data.
One should note that the quality of the data for light
nuclei is worse than the one for hadrons (except Ω). This
is seen by the large error bars for the data/model val-
ues for light nuclei in Fig. 3. Therefore, the inclusion
of light nuclei into the fit leads to a somewhat artifi-
cial decrease of χ2/dof. When the yields of light nu-
clei are excluded from the fit, the extracted T and V
values change very little but the reduced χ2 values are
quite different (see Table II): χ2/dof = 15.4/6 for the
zero-width approximation, χ2/dof = 19.3/6 for the BW
scheme, and χ2/dof = 9.1/6 for the eBW scheme. This
elucidates more clearly the significant improvement in
the eBW scheme, as the yields of light nuclei, which were
removed from the fit, are not affected by modeling of the
finite resonance widths.
C. Centrality dependence
For the different centralities, 0-10%, 10-20%, 20-40%,
40-60%, and 60-80%, we perform fits to the symmetrized
yields of pi, K, KS0 , φ, protons, Λ, Ξ, and Ω. The fit re-
sults are depicted in Table II. The centrality dependence
of χ2/dof is shown in Fig. 4. The picture at different
centralities is generally similar to the one at 0-10%: the
fit quality is notably better in the eBW as compared to
the zero-width approximation or the BW scheme. The
only exception is the most peripheral 60-80% bin, where
the best fit quality is obtained in the BW scheme.
Analysis of the centrality dependence of the extracted
Table II. Results of the thermal fits to ALICE data for√
sNN = 2.76 TeV Pb-Pb collisions at different central-
ities. The fits are performed within HRG model with
three different scenarios for resonance widths modeling: the
zero-width approximation, the energy independent Breit-
Wigner (BW) scheme, and the energy-dependent Breit-
Wigner (eBW) scheme. The data fitted does not include light
nuclei, hence the small difference between the results for the
0-10% centrality presented in Fig. 3 and in this table.
Centrality Scheme Fit results
T (MeV) V (fm3) χ2/dof
0-10% zero-width 155.3± 2.8 4625± 732 15.4/6
BW 155.1± 2.8 4506± 718 19.3/6
eBW 157.5± 2.8 4303± 659 9.1/6
10-20% zero-width 157.1± 2.9 2904± 464 19.6/6
BW 156.7± 2.9 2866± 459 24.4/6
eBW 159.7± 2.9 2655± 413 11.3/6
20-40% zero-width 158.7± 2.9 1545± 242 21.9/6
BW 158.3± 2.9 1517± 239 27.8/6
eBW 161.4± 2.9 1410± 214 12.3/6
40-60% zero-width 159.3± 2.9 561± 86 15.5/6
BW 159.0± 2.9 549± 85 18.1/6
eBW 161.4± 2.9 526± 78 10.2/6
60-80% zero-width 154.4± 2.5 192± 25 16.8/6
BW 154.7± 2.5 183± 24 13.5/6
eBW 155.2± 2.4 189± 24 18.6/6
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Figure 4. Centrality dependence of χ2/dof of thermal fits to
Pb-Pb data at
√
sNN = 2.76 TeV performed with the zero-
width approximation (open circles), the BW scheme (open
red squares), and the eBW scheme (solid blue diamonds).
The lines are drawn to guide the eye.
chemical freeze-out temperature indicates a small in-
crease of the temperature when going from most central
to mid-central collisions, followed by a drop for periph-
eral collisions. This behavior appears to be virtually in-
dependent of the resonance widths schemes employed in
the present work and it is consistent with previous anal-
7yses of other authors [23, 43].
V. DISCUSSION AND CONCLUSIONS
Several remarks are in order in light of the obtained
results:
• Application of the theoretically better motivated
energy-dependent Breit-Wigner scheme leads to a
notable improvement in the thermal model descrip-
tion of hadron yields at the LHC. The improvement
comes mainly from the reduced feeddown of pro-
tons from broad ∆ resonances, due to their sup-
pression at the threshold in the eBW scheme.
• A smaller but still notable suppression is also
seen in the eBW scheme for the yields of Λ
baryons (Fig. 1), which, in contrast to protons, is
in tension with the data at the LHC. It would be
useful to clarify the role of the additional strange
baryons, not listed in PDG but suggested by lat-
tice QCD [41, 42], which can be expected to yield
additional feeddown of Λ’s.
• The commonly used way to include the finite
widths of the resonances in the thermal model
is to apply the energy independent Breit-Wigner
scheme. Our results suggest that more involved
modeling is warranted. In contrast to the eBW
scheme, the energy independent BW scheme actu-
ally leads to an opposite effect of enhancing the
final hadron yields, as seen in Fig. 1.
• The so-called ’proton anomaly’ at the LHC can
be explained, at least partially, within the eBW
scheme. Other explanations, such as the incom-
plete hadron spectrum [12, 19], the chemical non-
equilibrium at freeze-out [13, 20, 21], the mod-
ification of hadron abundances in the hadronic
phase [16–18], separate freeze-out for strange and
non-strange hadrons [22, 23], or the excluded vol-
ume interactions [24], have also been proposed.
We stress that in the present work we stay in the
framework of the chemical equilibrium ideal HRG
model, the only difference coming from the mod-
ified treatment of resonance widths. In that re-
gard, our explanation is simpler than the above
ones, as it does not introduce any alternative sce-
narios/interpretations of the data.
• For some broad resonances, e.g. the ρ-meson [44],
neither the BW nor the eBW scheme provides an
accurate description. The eBW scheme considered
here should not be viewed as an unquestionable im-
provement over the zero-width approximation or
over the BW scheme. The results should rather
be viewed as an illustration of the sensitivity of the
thermal model description with respect to the mod-
eling of resonance widths. In that regard it can also
be interesting to consider other approaches, such as
the ones based on the K-matrix formalism [45, 46]
or empirical phase shifts [44, 47]. Analysis within
the latter formalism does show indications for a re-
duced proton yield [48], similar to the eBW scheme.
• Hadronic interactions have been considered here
on the level of the resonance formation only. It
is known, however, that thermodynamics of in-
teracting hadrons also receives positive contribu-
tions from non-resonant, correlated pairs of inter-
acting constituents. One prominent example is the
P33 channel of the piN interaction, where the cor-
related piN pair contribution is notable near the
∆(1232) production threshold [49]. This contribu-
tion can negate, to some extent, the proton yield
suppression effect obtained in this work for the
eBW scheme. Recent lattice QCD data also fa-
vor the existence of the excluded volume type ef-
fects in baryon-baryon interactions [50, 51], which
may have a significant effect on thermal model
fits [24, 30, 52]. It would be interesting to study
the above mentioned effects in conjunction with a
more elaborate treatment of finite resonance widths
advocated here.
• Relevance of the effects associated with the finite
resonance widths modeling can be further tested
with an upcoming hadron yield data from the
5.02 TeV Pb-Pb run at the LHC. The preliminary
5.02 TeV data of the ALICE collaboration [53] has
considerably smaller systematic uncertainties com-
pared to the 2.76 TeV dataset, and these new data
illustrate a similar overestimation of the proton
yields relative to other hadrons within the stan-
dard thermal model. It is predicted here that the
eBW scheme will yield a superior fit quality for the
finalized 5.02 TeV data over both the zero-width
approximation and BW scheme.
To summarize, the thermal model description of
hadron yields measured in heavy-ion collisions at the
LHC is found to be sensitive to the modeling of the finite
resonance widths. The fit quality is improved signifi-
cantly when the energy dependent Breit-Wigner scheme
is applied, the improvement coming mainly from the re-
duced proton feeddown from the various ∆ resonances.
At the same time, no significant variation in the extracted
chemical freeze-out temperature T and volume param-
eter V is observed. The results obtained show that a
proper modeling of finite resonance widths is important
in precision thermal model studies.
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